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CHAPTER 1

INTRODUCTION

The purpose of this research is to develop a propellant lined launch
tube to accelerate a precjectile to hypervelocity. This report summarized
the results that have been obtained since the first report1 submitted in
March 1968.

The major developments of the resear. during this period were: The
development of strain gage instrumentation that indicated the slow burning
rate of the propellant; the subsequent bench testing that found nitrocellu-
lose prevented the rapid burning of all fuel oxidizer propellant mixtures;
and the development of mathematical solutions that will result in a better
understanding of the concept.

Two new methods of obtaining hypervelocities have been given serious
consideration in the last several years. One is the method proposed by
Physics International to accelerate a reservoir behind the projectile
through the mechanism of explosively collapsing a thin tgbe. This method
has met with some success but also contains many technical difficulties
related to the physical construction and operation. One of the primary
problems is that the tube must be thin enough to collapse. When it is
this thin, the pressure of the gas behind the projectile expands the
tube and allows blow by arourd the projectile. Another problem is
controlling the velocity of the detonation of the explosive charge. Even
with these limitations the concept shows promise of exceeding current

light gas gun velocities,

1
Superscripted numbers refer to References
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The propellant lined launch tube concept is somewhat comparable in
operation. The internal propellant lining forms the walls of a tube
through which the projectile travels. The lining is fired and the re-
sulting gas forms a piston driving a reservoir with the projectile. A
thick walled launch tube restrains the propellant and holds the internal
diameter relatively constant. The high pressure behind the proj:ctile
is beneficial in igniting and accelerating the burning rate of the lining.
The key elements to the successful operation of the concept are that the
ignition of the propellant be timed by the projectile passage and that the
reaction rate of the propellant be rapid enough to maintain the piston
containing the base pressure. The study of the critical parameters re-
quires both theoretical and experimental evalration. The original cal-
culations indicated the need for microsecond ignition and a burning rate
in the order of 250 meters per second (10,000 inches per second). While
this burning rate is well below the detonation velocity of most secondary
explosives, it is faster than most propellant burning rates, which are
typically 1 to 3 inches per second. However some new fuel mixtures,
recently developed by the McCormick Selph Com>any of Hollister, Calfornia,
have indicated burning rates of 7,500-12,000 inches per second. These
mixtures were suspended in a nitrocellulose filmogen and used for a number
of test shots. When increases in velocity were not forth-coming, further.
tests were made to determine if the problcm was ignition delay or burning
rate, The strain gage output could be interpreted to show that the burning

rate was the problem. New tests were initiated to measure burning .ate and

T

a change from nitrocellulose to a vinyl filmogen gave order of magnitude

5%

changes in burning rate.
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Considerable effort was expended to develop a ratic al mathematical

model of the gas flow in the launch tube. It was desired to predict the

projectile motion and launch tube pressures as accurately as possible. It
was also desired to be able to determine the effect of the many possible
variations in propellant and projectile parameters. Compromises were
made to allow the study of the parameter variations by sacrificing the
accuracy of the physical modeling. Hopefully, this will lead to the
selection of a few configurations that can then be studied more exactly.
The future research will use the theory to establish desired pro-
pellant projectile configurations in conjunction with tests to develop

the desired characteristics of the propellant,
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CHAPTER II

THEORY

The primary objective of the theoretical studies is to develop a
rational theory of the operation of this new concept for the purpose of
directing the experimental program. A considerable expenditure of time
and thought has gone into the development of a mathematical theory that
would accurately model the processes taking place. Because of the com-
plexity of the problem, a unified theory was not satisfactorily postulated.
It was decided that, for development purposes at this time, it would be
more desirable to develop a tractable model. The advantage oi this
approach is to provide parametric studies and determine the gross effect
of the variation of a large number of parameters. Two basic approaches
have been taken. The first is the assumption of ideal conditions to
obtain an upper limit on performance and the second is the assumption
of a simplified model that would provide lower bounds to the solution
with a knowledge that gun performances should fall between these two
theories. Future developments of the theory would be to refine and
improve the solutions to bring them closer to the actual physical
characteristics of the concept.

The first approach was to assume that the internal propellant lining
ignited as a function of the projectile location and that the released

gases expanded forming a solid wall which acted as a conically shaped

piston. 1Initial parameter variations were reported in the March 1968 report

and cxamined the effect of igntion delay time and the effect of the distance
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of the virtual piston behind the projectile. An analysis was rerformed
by Watson, Gill, and Steel2 of Physics International to investigate the
projectile velocities that could be obtained that if it were assumed that
the cone formed by the propellant gases was constrained to a cone angle
determined by a constant velocity of the propellant gases and the in-
creasing velocity of the projectile. Their analysis indicated that if
mass could be added to the cone on the projectile, from either a traveling
charge or due to jetting of the gases, that hypervelocities would be
achieved.

Another approach was developed that would use a high speed computer
to calculate the gas dynamic characteristics for an entire run of the
projectile through the launch tube. In order to obtain reasonable com-
puting times a one dimensional code has been developed which is based
on the assumption that the gases developed by the burning propellant
completely mix with the gas in the tube without forming a piston. The
advantage of this program is that it allows the study of the parameters
of various propellant characteristics and projectile configurations. The
effect of burning rate, burning temperature, Qelay time, and traveling
charge can all be incorporated into the model. It does not account for
any jetting or any two dimensional effect that may be present. A two
dimensional code was initiated but could not be used to obtain a complete.
launch run because of the large amount of core storage and computing time
required. It is planned to use a one dimensional code to make studies of
the effects of various parameters. The two dimensional code will then be
refined to study the two dimensional effects of the more promising pro-

pellant configuration at selected intervals along the launch tube.
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CHAPTER III
LAUNCH TUBE PRESSURE STUDIES

Strain gages were mounted on the outer surface of the hyper-
velocity launch tube to obtain a relationship between the pressure
development and time due to the gas released by the rapid burning
propellant on the inner surface of the launch tube. With the tule
behaving as a transducer, the effects of pressure, heat addition, and
dynamics were measured. Through correct interpretation of the data,
the strain due to heat addition and dynamics were separated from the
data and the pressure was measured as a function of time.
INSTRUMENTATION

In order to measure the internal pressure, strain gages were
mounted on the launch tube in the hoop direction. The launch tube
acted as a transducer, with the strain resistance changes producing
signal changes proportional to the pressure. The strain gage signal
was inherently weak, requiring the development of an amplification
system. The signal was amplified and displayed with an oscillos-
cope. The voltage changes were recorded on a storage type cathode
ray screen and a photograph was taken of thé trace for permanent
data recording. Circuits for the instrumentation are presented ir
Appendix I.

Two types of strain gages were employed on the launch tube: A
foil type, SR-4, Type FAE-03G-12S9 and a semiconductor type, SPB2-12-

100C6. The strain gages were mounted in the circumferential or hoop
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direction. Two strain gages were mounted at each station to multiply
the strain readings by a factor of two for a greater amplification

of the reading. The first data station is twelve inches down the tube
and designated gage #12., A semiconductor strain gage is mounted five
inches in front of gage #12 to trigger the sweep of the oscilloscopes.
The second station of the five foot tube is forty-eight fiiches down-
stream and designated gage #48.

To amplify the voltage change out of the wheatstone bridge, a
uA702A Resistance Bridge Amplifier is used. The amplifier has desir-
able characteristics for measuring the strain on the launch tube.

The gain of the amplifier is 470:1.

For data recording, three Hewlett-Packard 14JA dual trace storage
Osciiloscopes were used. Three scopes were needed. One for each of the
two strain gage stations and another scope was used to relate velocity
and position of the projectile. The scopes were generally sel using
chopped mode to obtain dual traces. Sweep speed was set for 0.2
cm/millisecond. The sensitivity generally was set at 0.2 volts/cm.

The strain gage circuit was calibrated both statically «nd elec-
trically. The system was statically calibrated by pressurizing a tiibe.
The elertrical calibration was performed by paralleling resistors across
the strain gages, thus simulating the resistance change due to strain.
EXPERIMENTAL TESTS

Tests were run using various propellants, ignition charges, projectiles,
and propellant thicknesses. A typical trace ic illustrated in Figure III.l.
The trace of gage #12 is the upper trace and begins on the reference line
with zero strain. It remains zero for 120 microseconds. At this point

the projectile passes gage #12 and the strain gages react by deflecting
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Figure IIT.1: Gage # 12 and 48 trace
with 3 in/sec. burning
rate propellant.

Figure IIT.2: Gage #12 and #48 trace
with 30 in/sec. burning
rate propellant.




upward O.1lcm, which is the‘strain caused by the base pressure on the pro-
jectile. With time the strain continues to increase with increasing
pressure within the tube. After 1.2 milliseconds the thermal strain
appears on the exterior surface of the tube. This is the time that the
propellant serves as an insulator between the hot gases and the launch
tube wall. The thermal strain is seen as another deflection in the trace.
The lower trace on the figure is gage #48. The strain remains at the zero
level until the bassage of the projectile, at which time the strain gages re-
act by deflecting downward since the trace on the oscilloscope was
inverted for convenience. The oscilloscope sensitivity was set at
0.2 volts/cm, therefore one centimeter deflection represents 100 in/in
microstrain.

Figure 1 is a pressure trace of a propellant burning in the hyper-
velocity launch tube with a 1ongitudinai burning rate of approximately
3 in/sec. Figure II1I.2 depicts a pressure trace of a propellant with
a burning rate of approximately 30 in/sec, or ten times that of the
propellant used in the test of Figure III.1. The pressure developmant
is a function of the burning rate, therefore the time required to
reach maximum pressure is longer for the slower burning propellant. The
required time for pressure development can be found by considering the
slopes of the strain traces. Figure III.1l shows a jump in tracé as pre-
viously discussed, whereas in Figure ITI.2, the initial deflection has
a curved deflection. The curved deflection is due to the propellant
igniting in front of the projectile, thus the jump in trace due to
base pressure is not seen. Considering the slopes after the initial
deflection in Figures III.1 and I1I.2, the results confirm the burning

rate data. Figure TIT.1 shows a smaller slope with the slower burning
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propellant and Figure III.é shows a larger slope with a faster burn-
ing propellant.
DISCUSSION OF PRESSURE DETERMINATION BY USING STRAIN GAGES

It is feasible to use strain gages mounted on the external surface
of the launch tube to measure the internal pressure behind the pro-
jectile. The strain recorded on the external surface is produced by
pressure, heat addition and dynamic response. With correct interpre-
tation the strain produced by each effect can be found. The frequency
of the dynamic strain waves will cancel themselves at projectile velocities
less than the sonic speced nf the launch tube. At greater velocities
the dynamic strain must be considered. Tcr the current data, the
dynamic strain does not appear on the strain trace. The magnitude of
the thermal strain was found to be negligible during the first 1000
microseconds after the passage of the projectile where there is a
slow burning rate of the propellant. With the effects of heat addition
and dyanmics eliminated from the oscilloscope data trace, the strain
was assumed to be due only to internal pressure for the {irst 1000 micro-
seconds of data recording.

The pressure data has two regions. The first is in the area of
initial strain recording. In this area the strain is produced by the
pressure directly behind the projectile. The initial deflectioﬁ will
produce a jump in the trace for high base pressures and jump will be
larger for greater pressures. A correlation has not been established
between the jump in the data trace and the velocity of the shot due to
limited test results. However, the jump in the data trace is related

to the base pressure. The second area begins at the point where the

! e

strain trace assumes a definite slope. It has been found that when tbe
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slope is large it is accorpanied by a jump in trace, indicating a large
base pressure., The maximum deflection of the strain trace in this
area defines the value of ultimate pressure. The ultimate pressure data
can be used to find the gas volume produced by the thin film propellart.
As stated, the initial deflection is produced by the pressure
directly bchind the projectile. With this knowledge strain gages
mounted to the external surface can relate the position of the pro-
jectile at varicus times within the launch tube. Average velocities

of the projectile can be obtained between strain gage stations.
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CHAPTER IV

PROPELLANT STUDIES

An intensive propellant study has begun over the past six months.
Three areas of investigation are being considered while studying thin
film propellants. These area are: Ignition time, longitudinal burn-
ing rate and normal burning rate. Instrumentation to study the area
of longitudinal burning rate has been built. Instrumentation to study
the other two areas is being designed. Preliminary longitudinal burn-
ing rate tests were conducted with several variables being introduced
in the propellant. The variables found to most effect the burning rate
are: filmogen material, fuel/oxidizer ratios and materials, friction
material, and propellant thickness.

INSTRUMENTATION

To test the longitudinal burning rate of the propellant, two dif-
ferent types'of test apparatus were developed. The first measured
velocity of the burning was made by the use of ionization gages. The
ionization gages were made of two straight needles placed parallel and
insulated from each other. The needles were .125 inches apart and
at an elevation of .125 inches above the surface of the propellant. The
propellant was coated on a steel coupon in a straight strip by the use
of masking tape. The strips of propellant were .25 inches wide and
six inches long. One end was tapered to a point in order to give the
burning a perpendicular flame front after ignition. The thickness of

the propellant ranged from .003 to .020 inches.
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As the propellant flame front passed the ionization gages the
ionized gas of the flame front completed the circuit across the gages.
The voltage change was recorded on a dual trace oscilloscope. Three
ionization gages were mounted above the coupen at intervals of two
inches. The first was used as a trigger gage for the oscilloscope.

The remaining two were used as data stations. With the distance be-
tween the gages being known and the time at which the flame front
passed the two ionization gages (obtained from the oscilloscope)

the longitudinal velocity or burning rate of the propellant is found.
See Figure IV.1 for a typical trace.

A more satisfactory apparatus was developed using photodiodes
as data sensors. Associated with the flame front is a substantial
amount of light which can be detected by a photodiode. The photo~-
diodes were placed at one end of a hypodermic needle. The needles were
used to collimate the light so that the diode would only see a point
source of light. The end of the needles were at an elevation of ,125
inches above the propellant. The inside diameter of the hypodermic
needles was .008 inches. The propellant coupon was made in the same
manner as those made for the tests performed with the ionization gages.
The diodes were placed at two inch intervals and their data was re-.
corded on the oscilloscope. The longitudinal burning rate was obtained
in the same manner as described in the discussion of the ionization

gages. See Figure IV.2 for a typical trace.



The photodiode sensors were found to be more reliable and recorded
a more readable trace. The ionization gages recordeu the variations
in the ionization of the flame front, therefore, the traces were very
irregular. The photodiode circuits record zero light or maximum light
with no intermediate lével, therefore, the data traces were straight
lines. The response time of the photodiodes was found to be very fast,
less than one microsecond. Both the photodiode and ionization gages
were found to collect propellant residue, but both could be cleaned
easily after each test.

The photodiode test apparatus was chosen for all further longi-
tudinal burning rate tests because of the clearer data traces and
greater reliability.

A photodiode test apparatus to be placed in a vacuum is being
designed. This would give the capability of studying propellant
burning race under a vacuum to which propellant is subjected prior to
firing in the velocity launch tube.

Other test apparatus designs for ignition delay time and normal
burning rate are being tried. One attempt was a system which used
the shock tube at Texas A&M University. The shock ignited the pro-
pellant. Instrumentation on the shock tube gave the time of impact,
and by using heat transfer gages and a Hopkinson bar arrangement, the
ignition delay time and the normal burning rate were to be obtained.
However, the geometry of thin propellants requires such small heat
transfer gages that the idea was shelved.

Also under consideration are high speed movies of the propellant

burning. This could lead to information about the normal burning rate.

14
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FUEL/OXIDIZER STUDIES

Two principle oxidizer materials have been tested. One is
ammonium perchlorate, NHACLOA, and the other potassium nitrate,
KN03. Ammonium perchlorate was discarded when it was found that the
burning rate significéhtly decreased when burned in a near vacuum

3 It was also learned from the same source that a vacuum

atmosphere.
atmosphere did not effect the burning rate of potassium nitrate.
Therefore, the burning rate studies were performed using potassium
nitrate as the oxidizer. The percentage of the fuel/oxidizer in

the mixture was one varible tested. The percentages varied from 23%

to 75% of the total propellant mixture. See Table IV.A fo. results

of tests. Two types of fuel materials used were monopropellants man-
ufactured by McCormick-Selph and have identification numbers 104 and
164. Both were used to increase the burning rate of other oxidizer
type compounds. Type 104 is recommended as the faster of the two, but
less sensitive. Both were dissolved with potassium nitrate (without
filmogen) and allowed to dry in a .25 inch deep trough. The monopro-
pellants were mixed with the oxidizers in ratios of 3:1 and 1:1. Ioni-
zation gages were used for the velocity recordings. The burning rates
obtained were in agreement with the burning rates claimed by the manu-
facturing company. The 1:1 mixture was found to be a faster burning
mixture. Sce table IV.B. Also identical mixtures produced varying
velocity recordings. All dry mixtures, without filmogen, tested had
burning rates in the range of 200 ips to 8000 ips. Probable factors

contributing to variation in burning rate were: Thickness of propellant,

B R i e ISP T @5
v



17

3SOTNTT92013 TN,
2pTI0TY2 [AUTALTOd,
sis2] 27draTnu Jo 28uex sS23eOdTPUT 10 3ISI] DUO0 JO INTBA ST hu«uoao>~
[ B
meS 1% L OF
oQH
N
< zee 0T 0T{ OAd
o
= 00S 0z
o ot S
o
=
o 91-21 L
=
S 61-G°6 8 (or3Iey T:1
1
S 0T-S 6 6L moz 79T SK
&1 nvcm
€1-8 11 ONX
91-%1 €T
- 98¢ 8 G°C6
=)
=
~ 00T 6
5
p 0Zc-811 11 S°f}] OAd
=
2
a 0001 8T
t
G 009¢ 0¢c
™
>
£8-6Y 0T
AqTeud | 699-56 0T S | ZOAd | S6
(sd1) STTu % { SIAISOIIXI| % zmwozgaa % | ¥9dZI10IX0/TdNnd
SINIWWOD HwHHooqm> SSANAOIHL J0 ddAL
2

S3140lS INVTITddOodd

V'AI d714VL

PRSI Tt A e



18

% 1002 € ]
052-9€ Y ‘
A"
o=
S J
= | 00% 9 81 X@i| ST JAd
- aunytoA
5 sen 121ea19f ¢g L
fur)
™ £31A 21S
ot ~Uu9og I22L319H{ 999 S (o3¢ T:7)
= L9 %971 SK
4 uodnod uo .pue
& Dboauserds 133em{00S-0YT 9 81| 3a1zv ava1| St JAd foNd
& SHT-EET € B
3
£ 0SZ-00T S
Q
Ty
« 00Y-S€ 9
[
w
= A XA X3 L ST OAd | <8
008-621 8
999-00% 6
9 | 0T-6 1
[}
=3
S | 01-62°9 Y
S
g | ot-s°¢ S 0T ON 06
]
= ST L
.rmW
8T 6
(sd1) STTW % | SIAISOTIXA| % |NIOOWIII| % (¥IZIAIXO0/717nd
SINIWAOD | ALIDOTIA | SSENMOIHL | J0 A4XL

(3,u02) V AL 27€VY

W o o v



19

.
o 002 € |
fa of
m
3 052-62T Y
lw]
o 00% 9 8z X@m | ST IAd
m aun .H OA
) ses 1931e31H €8 /
(o]
3
3 1 $8-5°2¥ 9 £
L31AT2
m —tsuas 12318319 005-62 L gz laaizv avai| St JAd
=
(sd1) sTTu v |saarsoraxal 2 |NIooWIld| 2 [¥IZIAIXO/TINA
SINAWHOD (ALIOOTHA | SSENNDIHL 0 FdAL

(3,u0d) V°AI J19dVL




TABLE 1V,.B

FUEL/OXIDIZER WITHOUT FILMOGEN

20

{

TYPE PERCENTAGE TYPE PERCENTAGE VELOCITY | COMMENTS
KNO3 66.6% MS 164 33.3% 200 Propellant
dried for
one week
KNO3 66.6% MS 164 33.37% >1000 Propellar
dried over
night
y
KNO3 66.6% MS 164 33.3% 1000
wz?.‘1\103 50 % MS 164 50 % 2500
KNO3 50% MS 164 50 % 5000-
8000
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age of monopropellant, humidity, temperature, surface smoothness, de-
gree to which the compound was mixed, and drying time. The 1l:1 mixture
was recommended for faster burning rates by the manufacturer and was
substantiated by our tests. Therefore, the monopropellart was aaded to
the oxidizer in a 1:1 ratio for all further tests.

FILMOGEN STUDIES

The most critical parameter effecting the burning rate was found
to be the type and amount of filmogen material used. Two types of
filmogen binders have been tested to date. They are nitrocellulose
and polyvinylchloride. The amount of filmogen added to the propellant
mixtures were varied for the longitudinal burning rate tests.

First considered was nitrocellulose. With a 257 mixture it was
found that the propellant would spark under the point where ignition
energy was applied, but the propellant would not propagate a flame.

By reducing the amount of nitrocellulose the propellant would propa-
gate a flame front and the velocity of the flame front was increased
with the decrease in percentage of nitrocellulose. With 5% nitro-
cellulose the propellant would not adhere to a metal surface. It was
found that a minimum of 107 filmogen was required to coat the stainless
steel tubes used for the hypervelocity launch tube. For less than

this percentage, the propellant would flake off the surface. For the
velocity range versus percentage of the binder, see Table IV.C.

A second filmogen tested was polyvinylchloride recommended by

TG

Rocketdyne. It was recommended that a mixture of 15% be used.
Variations in the percentages were tested and again it was found that
as the filmogen percentage was decreased the burning rate was increased.
The minimum percentage of filmogen that had adhesive properties was 5%,

although this low a percentage of filmogen was not desireable in coat-

n g



FILMOGEN AND THICKNESS STUDIES

TABLE 1IV.C

22

THICKNESS VELOCITY COMMENTS
FILMOGEN TYPE PERCENTAGE (mils) (ips)
NC 25 Will not propagate
a flame front
9 18

10 7 15 a
[77]
=
5 7.5-10 n
&
4 6.25-10 S
=3
NC 1 9-10 S
-4
2
13 14-16 =
o
=

11 8-13
y |

7.5 9 5-10

8 9.5-19
7 12-16
5 10
S Will not coat

v
9 400-600 Acetone will a
: not dissolve 531
dissolve MS 164 =
- 2
15 8 800 2
Acetone O
Solvent 7 133-222 §
i
6 200-400 8
s
PVC 3 133-145 v &

R W wew

ST R
.



TABLE IV.C (con't)

23

THICKNESS| VELOCITY COMMENTS
FILMOGEN TYPE PERCENTAGE (mils) - (ips)

15 S
Aceton 9 1000-2000 Questionable © o
Solveint Data = a

8 125

15 7 33-50
Butyl Acetat
Solvent 6 35

5 100-830 Questionable
Upper Limit

20 500 Ionization
gages used

10 10 222

7 33
20 2600
PVC 7.5 18 1000
11 118-220
9 100
8 286
20 95-665 Chalky
10 45-83
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ing a hypervelocity launch tube because the propellant would flake,
Ten percent binder was feound to be a suitable mixture to coat a launch
tube. The type of slovent used also may have effected the burning rate
in an indiréct'way. Butyl acetate was found to give a better mixture
consistency. Acetone had orginally been recommended as the solvent,
but the monopropellant material lumped.

The Polyvinylchloride filmogen has proved to be the most suit-
able filmogen of the two. It coats as well as nitrocellulose and has a
higher burning rate than nitrocellulose for the same percentage and pro-
pellant thickness.
THICKNESS STUDIES

The literature concerns itself with cast propellants or very thick
layers in the order of inches. There is a lack of literature on thin
film propellant burning rates. The literature % does, however, indicate
that as the thickness of the propellant decreases, the burning rate will
do likewise. The tests performed have substantiated this fact. Over
a range of thickness of three to twenty mils, there is a wide range of
burning rates. For the thicker coats, i.e. twenty mils, the coating
techniques varied. Twenty mils could be obtained withone to three coats.
There did not seem to be any variation in burning rate due to number of
coats required to give a desired thickness. For thickness versus burning
rate see Table IV.A and 1V.C.
ADDITIVES

Two classes of additives are being tested. One is the addition of
explosives, both primary and secondary. The other type of additive
is a friction material or hard, sharp materials. Tests are being per-

formed on types of additives and percentages of additives.

SRR . T L e
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Two explosive type additives have been tested. RDX was added and an
increase in gas volume was expected and obtained. This fact was observed
by placing the test coupon in a hood and quantitatively comparing the
smoke generated. The RDX aid not effect the burning rate significantly.
The other explosive material added was lead azide. This material was
expected to increase the sensitivity ® which it did. However, it did
not effect the burning rate. The burning rate versus percentage of
explosives added may be found in Table IV.A.

The second type of additive is material to increase the frictional
characteristics of the propellant. This type of additive is made up
of such materials as powdered glass, sand, and aluminum. Tests for
the effects of this type of additive have not been conclusive.

IGNITION TESTS

Designs are being considered for determining the amount of energy
required to ignite the thin film propellant. The designs include drop
tests, shock tube impacts, heat, exploding wires, and frictional devices.

At present, ignition characteristics are tested by striking the
coupon with a hammer, scratching coupons with iron points, nylon and
aluminum rods, heating with soldering iron and igniting with a gun
powder fuse. Of these named methods, all except the nylon rod have
been successful in igniting the propellant coupons.

CONCLUSIONS OF PRESENT PROPELLANT STUDIES

The three principle areas of investigation are ignition characteristics,
longitudinal burning rate and normal burning rate. The fuel/cxidizer
being tested has a burning rate believed to be relatively unaffected by
vacuum pressures. The monopropellant material increases the burning rate

of the fuel/oxidizer compound, and a 1:1 mixture was found most effective.




26

The amount of filmogen and the thickness of the propellant are the

two greatest factors effecting the longitudinal burning rate of the

thin film propellants. A decresse in filmogen increases the burning

rate. The burning rate incveases with an increasing film thickness.
Polyvinylchloride filmogen was found to be the least inhibitive and

a mixture of 10 to 15% is most feasible for coating the launch tube.
Additives can be mixed with the propellant to increase the sensiti-

vity without slowing the burning rate. The longitudinal burning rate

test yields a wide range of burning rates for each type of propellant with
identical thickness. This leads to the conclusion that a small vari-

ation in any parameter effects the rate substantially.
L]



CHAPTER V

PROJECTILE DESIGN

The original concept of the propellant-lined launch tube was to
have the projectile introduce sufficient energy to ignite the pro-
pellant in the belief that the ignition delay time would keep the burn-
ing front behind the projectile. As reported in the 1968 report1 it
was found that, when the friction was sufficient to ignite the propellant,
the ignition delay time was so short that ignition ocurred at the nose
tangency of the projectile.

Two approaches were taken to solve the problem of using the pro-
jectile to ignite the propellant and yet to keep the burning behind
the projectile. One approach was the thermal igniter. The idea was to
use a traveling charge as a heat pulse to ignite the propellant. This
has the added characteristic of supplying some gas on the base of the
projectile moving at projectile speeds. A variation of this concept
may be required to provide gas if the propellant gases mix with the
traveling reservoir as discussed in Chapter II.

Consultation with the Director of the Thermodynamics Research
Center at Texas A&M University resulted in the belief that the heat
pulse of a traveling charge was probably insufficient to provide ig-
nition without delay. Because previous tests with friction had indi-
cated immediate ignition, it was decided to develop a projectile that
would have a plastic forebody and seal, in a proven configuration, but to

attach a metallic afterbody that would fire the propellant by friction.
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Several of the configurations that have been tested are shown in
Figure V.1, A plastic projectile, a traveling charge and three projectiles
using friction rings are chown. The designs were selected for their
vibrational characteristics. Cantilever strikers were originally
postulated, but analysis of the vibrational modes indicated that the
end of the cantilever would swing away from the surface and the
natural frequency would carry it back so that it would strike once
every foot if the projectile was traveling at 10,000 feet per second.
The situation would become worse at higher velocities. The ring con-
figuration with its very high natural frequencies and limited deflect-
ion characteristics will provide constant contact and ignition.

The problem with this type of igniter is the structural failure
of the attachment. Subsequent analysis indicated that better geometry
could improve the strength but it is still stressed near the maximum
stress of the material.

A search for a better design has led to configurations that are
shown in Figure V.2. These three designs have indicated by analysis,
that they are stronger structurally. The designs will require refine-
ments in order to be manufactured and will be tested to see if they
perform satisfactorily. The concept is to use metal pins or staples as
friction igniters and relieve the plastic afterbody to allow gas to flow
to prevent the creation of high pressure in the annulus that might cause

the propellant to flash forward ahead of projectile.
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Figure V.1: Various Projectile Designs
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The most important finding of this reporting period was the fact
that the nitrocellulose filmogen was inhibiting the burning of the fuel/oxi-
dizer materials. The low burning rate of 3 inches per second does
result in a increase in velocity of a projectile in a lined tube over
that of one in an unlined tube. Orders of magnitude difference in
burning rate was ohbtained by changing from nitrocellulose to poly-
vinylchloride. The higher burning rates with the proper ignition
control should result in higher velocities. A study is needed of the
effect of various filmogens, fuels, oxidizers and additives on the
burning rate of the propellant at normal pressures and vacuums. A
test facility is being constructed to measure burning rate at a
vacuum of the same magnitude as the launch tube vacuums as well as at
standard pressure. Another facility will be constructed to measure
the energy required to ignite the propellant to screen various com-
pounds.

The theoretical attempts to mathematically model the projectile
motion and the dynamics of the gases behind th: projectile has helped
to clarify the understanding of pocsible problems and advantages of the
concept. The calculations that assume a solid piston is formed by
the gases from the propellant lining, indicates that the concept can
provide major increases in velocity over the light gas gun. A

one-dimensional computer model will examine the limitations of the concept

L3

¢

3l

| FH 'ﬂ'—'\ﬁ ﬁ-



using the assumption of complete instantaneous mixing of the propellant
gases with the gas traveling with the projectile. It is recommended
that parametric studies be made of burning rate, temperature and pro-
pellant thickness using the one dimensional computer model as a lower
bound solution. The exact solution should fall between the solid

piston and complete mixing. A continving effort should be directed

toward determining a better model of the boundary between the propellant

gas and the traveling gas with regard to mixing, jetting, pressure
and velocity distributions.

The design of the projectiles relates directly to the ignition
delay problem. It is recommended that the development of frictional
igniter types be continued and compared to the results from thermal
igniters.

The development of large spacecraft operating for months and years
will either require a large amount of weight devoted to meteoroid
protection or an unacceptable risk to the spacecraft unless laboratory
methods are developed to simulate meteoroid impact.

The proposed concept holds the promise of reaching meteoroid ve-

locities and should be continued until it is fully developed.
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APPENDIX I

Hypervelocity Laboratory Instrumentation

Figure 1 illustrates the basic layout of the instrumentation developed
for the measurement of pressure in the launch tube and determination of
projectile velocity and integrity. The pressure determination is measured
from the resistance changes of either foil type strain gages or semi-
conductor gages mounted 180° apart in pairs in the hoop direction. The
series connection delivers twice the resistance change of a single gage
and cancels any bending that may occur during the shock of firing. The
first gage is a single high output semiconductor gage which is used to
trigger the oscilloscope trace for the data gages.

The prcjectile velocity is determined by the interruption of a
circuit printed on thin paper. The projectile integrity is obtained
from the sharp edged hole cut in the paper. The circuit for the semi-
conductor strain gage trigger is shown schematically in Figure 2.

A semiconductor strain gage was utilized to detect the hoop strain
produced due to the entry of the projectile into the launch tube. The
higher output of the semiconductor str=in gage provides a signal of suitable
amplitude to exceed the trigger signal conditioner threshold determined by
the LEVEL SET Control.

An output pulse of approximately five (5) volts is produced as the
input signal exceeds the threshold level. Due to system noise, a threshold
level of approximately 60 to 90 millivolts was normally used to prevent

noise triggering of the system.
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Actual triggering occurred at varied times, This was due to the fact
that unlined tubes and slower burning propellants produced pressure trace
with a low slope. A spacirg of three to five inches between the trigger
gage and first data gage provided sufficient time to effect scope triggering
prior to data acquisition at the first data gage.

A foil tvpe strain gage balance and signal conditioner circuit is shown
in Figure 3. Although this is a fairly straight-forward circuit, some
deviation from standard practice was found to be necessary in this appli-
cation.

For example battery power for both gage bias and op-amp supply was
necessary due to a low level input signal. Also one element (coarse
balance) of the bridge completion circuit was made variable to accomodate
the variation in gage resistance for different launch tubes.

The op-amp gain was adjusted by selection of circuit values to
provide the highest gain with maximum upper frequency response.

"Antenna effect'" noise was always a problem, however the low 120 ohm
output resistance of the bridge provided the best signal to noise ratio.

Careful grounding of the electronic circuits, as well as the launch
tube itself, was necessary.

The circuit for the semiconductor strain gage balance and signal
conditioner is shown in Figure 4. An investigation of the characteristics
of a transistor connected in the grounded base configuration disclosed the
fact that different values of emitter resistance would cause a shift in the
transistor's operating (Q) point. Therefore experiments were conducted
using semiconductor gages as the emitter resistor. Results have

been encouraging and have provided data comparable to the more elaborate
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foil gage and signal conditioned system

Figure 5 shows the schematic of the velocity measurement signal con-
ditioner. This simple breal-wire system has proven to be quite effective
for velocity measurement.

Several variations have been tried and the most satisfactoiy solution
is shown.

"open'" ballistic paper and

Some difficulty was encountered with both
plasma effects and were eliminated by the final design.

A test switch was installed to perni simulation of circuit activation
as encountered during data acquisition periods. The :ddition of the interval
counter required the addition of a common collector connected transistor
to prevent low resistance loading of the system.

The interval counter-system block diagram is shown in Figure 6. Low
cost commercial counters did not provide the accuracy desired. Therefore
a relatively low cost counter was design to fulfill the particular re-
quirements for this application.

A 2.0 mhz oscillator and a divide by two I.C. module was used to
provide 1.0 mhz timing pulses. Gating voltages werz taken from the velocity
measuring signal conditioner and controlled three mcd-10 decades. Meter
readout provided an inexpensive method of interval indication.

The input gate and ready indicator for the velocity measuring system
is shown in Figure 7. The interval counter (Fig. 6) was at first tried
using only the gating voltages to provide start and stop signals to a simple

gating IC circuit. Plasma effects at the ballistic stations resulted in

spurious resistance changes that created several voltage excursions of
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sufficient amplitude and polarity to cause false velocity indications.

The circuit of Figure 7 was devised to '"lock up" on the final ballistic
station change so that subsequent plasma induced changes would not create
false gating signals.m Since "turn-on" of the interval counter could pro-
duce either a rest or non-reset condition a "Ready indicator" was included
to eliminate the improper condition as well as provide counter reset
indicator. The indicator I, will be illuminated only when the correct
ready to count condition exists and is extinguished when either the second
or third ballistic station is open.

Figure 8 shows the circuitry for the velocity measuring system and
divide by 10 decade and meter readout system. Three conventional Mod 10
decades were employed to provide x1, x10 and x100 indication of the gated one
microsecond interval pulses. The summing circuit was devised by a student
and has proven to be an inexpensive method of digital readout. Each meter
was calibrated to indicate 10 units and provided direct readout.

Figures 9 and 10 show the block diagram and schematic of the circuitry
for the longitudinal burning rate data system using photodiode sensors.
Four 2N2175 photodiodes were installed in adjustable height assemblies
shown schematically in Figure 9. Various sized hypodermic needles were
placed over the detector to allow limitation of the field of view by
collimating the light produced by the burning of the propellant.

The first photodiode (T) was used as a trigger to start the scope
trace, Velocity measurements were made by the displacements of the three

remaining photodiode outputs. This was accomplished by using the change
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of resistance of the photodiode to develop enough voltage change to drive
a Schmidt trigger connected operational amplifier shown in Figure 10.

The output signal is provided from the frequency compensation (pin 6)

to give RTL current limited drive without the use of clamping diodes.

The data station outputs are paralleled to provide a single data output
channel.

In order to be able to identify which diodes are sensing, when all
combinations are possible, the voltage output from each was set so that
additions of combinations would result in unique values. In order, the
stations .. e one, three and five volts as shown in Figure 11. Various
combinations are illustrated in Figure 12. Knowing when each station
triggers gives velocities between any two stations for evaluation of

consistant burring characteristics.
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Summary of Results 22 March 1968 to 13 May 1969
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iy 12 5789 ] 8 4.3 4 INC, 2NH,C10,, .S5AL, .1G }.498 | .243.189] --- ].15
A58 = .4
July 19 -—--]1 9.3 ]38 3 INC, 28M,C10,, .5A1, .16 |.502 | .243 .190] »m ].31y 12 | -- 1.67 |17,%0 Approxmate
480 2,50 h1,200 | 5430 ve}ocity-
3700 f¢./eec,
July 22 3338 | w-- 3.3 3 INC, 2NH,C104.3A1, .1C 510 f.242) 1771 asL L8010 12 - 0.20 300 3180
%) 0,58 Q.QOO
July 22 5270 y |3 3 INC, 2NH,C10,, .5A1G .80° L2430 .102] oL |.629 12 | soo 0,25 |2,000
452 48 0.80 }4,200 ] 6240
July 23 2606 ] 18 4.9 ‘e hisc, anm a0y, S5AL, .20 |.450 |zaa].arrf an .79 12 | —~- 0.26 J2,%0 | 4680 Part of projetile
N “ 0.66 14,200 sheared off ia tube
July 1) 3394 | 12 l4.0 4 {INC, 2NH(C10,, .5AL, .1G {.456 [.2421{ .160f 261 A1 12 ] - 0.40 4,200
3% . 0.62 6,000 ] abs0
July 24 2918 | 12 ]4.75 | 3 HNC, 2NnC10,,.5A1, .1G }..85 l 244 191} 210 14 12 500 0.25 14,200 | 4840
: L 403 (1) 1,21 ]4,000
July 24 qus 12 }4.25 | 3 BNC, 2M4,CL0,, .3AY, .1C |.48S |.245} .191] Lot .374 12 |1000 0.22 |3,000
L4628 48 4,300 4600
Jly 28 k630 | 14 6.8 3 pNC, 2N, C10,, .SA, .1C ].521 |.242] 193] 26L .50 12 [---- 0.29 ]6,000
.509' [1) 1.2% 9,000 4170
Huly 23 bo2a | 13 4.8 1 INC, 2M4,CL0,, .SAL, .0C ].49) |.244 .198] 261 5] = Jeeee e bl B Adapter blova
681 oft
buly 26 Myl f--- 1- Unlined 368 ].243] 298] 9 97y == [e--- ~ees  Jemas | ecee

<tk
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PROIECIING PENEIRALION JUACCH | BASEH S LOTE ULT . AVE . VFL, COMNENTS
DATE vrL Jran Cfl‘ﬂ- ¥o oF :;‘:::SL:JT‘:‘;N SEECIEACATLUNS o | rress rerss | aTeN
. raess | 1w “AS via | . < rst AVCFY
fpa DEPTH | COATS LENG JUIA PSS Jarprn Q01 st Jrerssec ver
July 2 s61] 13 2w | -1 inc, s 197 | 32 s 12 ] - Jo.w 3,50 |30
2 1NC, 2NM,C10,, .3A1, (10 fars L2 337 1] 0.7 4,300
July 29 1m0} 17 - < lunitned 242 J2e2].190f 26t Jors] -- | - — comee fomeen
July 29 1200 | 760 | ~-= | - Unitned 287 |.243].199] e I R —e- ——me Jacmam
July 29 W1 ] 760 | ~-- - Unltned L200 |.242].t06] 7 JRISE - -——— cmenn  fecome
Asgust 1 J2037 ] % 3.0 1 3 |inc, 2vm,C10,, .SAL, J0C  J.440 J2as |.213] 220 |.s0] 12 0.73 7,000 Plasua raclosed
B a8 0.38 4840 Statton # 2
Mguet 1 17§ o 1 |we . 213
INC, 2NH,C10,, .3AL, .1¢ f.437 J.248|.336| 20 |1.0| 12 | 1000 [o.27 3,000 fass0
0 0.7% 6,000
Avguet 1 fiser | 22 Unlfned Lasa |2e2 |.10s) 20 fars
i
Auguet 14 13920 | 13 4.0 3 INC, 2xC10y, .3A1, .1C 498 1249 | .214 ] 26L 1.0 12 1,000 f0.%0 7,000 Strain gauge
. 389 A8 #48 not working
August 14 8920 f 11 | <0 1 e A7 Las|.aal 260 hiof 12 20 fo.3e 3,000 [s000
3 five, %104, 311, .16 326 ") 6,500
moguee 33 fsoas [ 13 Jao | 4 fiwe, 2mcr0y, 3, a0 fess Jaee [Lns) zer a0
0 353
asguet 18 Je2ie 11 fao ] 4 Jiwe, 2xcr0y, .5a1, .20 NYLIN 70N JEITY BT )
a2
august 16 5892 |12 lao | 4 line, 2xc10y, .30, .10 a8 f2e9 f.214] a0t oo 1z fsoo  Jo.m 300 k400 :
a2 &8 fso0  Jo.e 800
Auguat 19 105 | 14 nlined [242°1.190
August 19 I:coo 1 }Munoé 202 | 190
[auguse 29 b3y fae }mltncd 242 |.190
naguet 19 K7er |14 knum 242 |.190
poret 19 paso }mum 2 |.190 .
Fu.m 20 pevn2 |14 4.0 | & lue, 2xcioy, .31, .10 804 fase |10} 23 .s62] 12 h,000 Jo.3 4,000 .
39| a8 | so0 lo.so Js,500 |[s360
guet 21 Jers ] Jal0 3 Inc, 2w cr0,, .Sa1, 26 486 [249 |.208] .1 sl 12 1.0 5,500 6,000
04 «8 1.8 8,000
sust 28 }s30 4% |3 ke, mwmgcrog, oA, 10 |ae9 f2es ] 212] 18 12 0.48 3,000
R 12v 0.03
gust 22 J4sa2020  fa.5 |3 e, ann,C10,, (SAL, .26 [.316 [249 ).203] 315 |30 12 0.62 3,000
81 " 075 |e,500 |s,m0
guat 33 ]3270 |16 s |2 e, 2xc10y, .3M1, .10 206 12 0.2% 3,200 | 4,80 |sisck residus
1 NC, 2 Lead Aztde 467 37| .20 60 | 48 0.32 $,000 on stacions 1 & 2
guet 20 |s227 116 3.0 |2 bwc, tomeaoy, LSa1, a6 |Lery |48 ] 200} o sl 12 632 l6000 |a.200 |siach restdve
. . . [] ’
r 1 MG, 3 Lesd Aatde L a 0.67  ]3.%00 on btations 1 & 2
buguse 23 Josr J14  Je.o § 3 Jame, 1.em.c20,, L2x-106 1,437 [.248] .203 12 0.50 3,500 |[6,550 ] slack restdue
LSAL 5113 o 0.78 6,000 on atatons ) & 2,
hugust 23 Javasfie a0 | 1NC, 284 €10 , ,5Al, .1G ].502 |.248 ] .211 11 0.60 3,500
= ) B an 4 o.68  |9.000 |e,50
12y 0.73
Muguet 29 rm 17 Jeo 1 fne W7 f.aeelna ] a1 [626f 22 0.51 ).m 4,600
1NC, 2KC10y, LSAL, .36 an s 0.3 ’




Table of Results (Con't)

51

PROJECHING PENFIRALLON JoaLGt | BASE RSt OPE UA N AVE  VEL, COMMNTS
DATE veL  [ranx ffl‘:;- Mo OF :;‘::’::-:;‘;N LECLELCALLONS w0 | rerss U AT
PRESS s ” . : ALR
roa orer | coars LesG fuia s .;ww__‘".': Wb berrnee | st avces
August 29 14 a0}t e 439 1.292}.190 12 0.13 3,500 [4,000
ING, 1.8MH,C10,, .§I~XOA 368 A8 h,200 Jo.808 7,000
AL
August 30 feal | 14 4.0 1 e A27 1,249,197 12 0.2) 1,500 |s,360
INC, 1,8NH,C10,, .2X-104 .36) ] .88 6,000
JSa
August 30 1 4,0 1 JiNc *
3 e, L.ewm,C10,, (2x-108 ] .a31 ] .249].203] .25 .62
WA 372
Septanber 2 13 40 i Jinc, xc104, .SAL, .10 A8 | .249],206 | .23 {.625] 12 Ji,000 fo0.2) 3,500 4,400
INC, 1.8NH,C10,, .2X-104, 373 8 h,000 Jo.78 5,000
<SA)
Saptemder 2{3948 | 13 4.0 2 |, 2xcioy, .8A1, .1 4370 ,2481.204 | 25 |.e2s] 12 250 }o.3s 2,500 [,400
1 hec, 1.8 WC10,, .2x-104 N . 300 |o.s0 4,900
.3Al
Septasbar 415373 | 14 40 T JINC, 2NH,CL0y, .S5A1, .1C [ .4264.249].200) .23 |.e25} 12 150 [o0.%0 s,770
1 e, 1.5NH,ClO,, .5R-104, 389 A8 1.67
10
Saptamber 314109 | 14 4.0 1 [INc, 2KCiOy, .SA1, .1C A0 ] L 209] 225 228 |.a78] 12 0,08 4,500 [,200
\ 1 hinG, 3 Lesd Aztde B1H 48 0.36 4,000
1 |inc, 3¢ )
Septanber 34043 2.8 1 |Ne, 2xc1oy, .5A1, .1C 4351 ,125] .206 | 378 ,
1 INC, 3 Lead Azide <359
i INC, 10
Septasber 6 [4918 | 14 3.5 1 ke, 2xCi0y, .SAL, .10 482 ] .249] . 209 ] .23 .30 12 0.22 4,000 |k, 200
1 |INc, 1.3 NB,C10,, .9 X-106 . 363 . 1.29 4,000
.5AL,.10
1 hic, 2xc104, 1X-104,.5A1, '
.10
Septenber 61918 | 14 3.0 2 hinc, 2KC104, LSAL 437 .u91 s01 12 0,10 3,000 4,500
2 JiMc, 2xC10y, 1X-104, 48 0.68 4,000
AL, .16
Septewber 9] 739 | 18 3.3 2 pinc, 2xc104, JSAL 438 | 244 ,200 12 150 10,28 3,000 3%
1 jiNc, 2KC10,1X-104 421 a8 0.0 4,000
r .SA1, .10
Sept, 10 $783] 14 3.8 2 JINC, 2KC10y, .SAL 805 | .24 191 .25 .111
2 QINC, 2KC10y, 1X-104, L397
+SAL, .16
sept. 10 20081 14 8 ) 2 NC, 2KC103, .3AL1, .1C 4877 249,204 12 0.38 3,300 5,550
2 jnc, 2KC10;, LX-104 337 Y] 0.91 4,300
AL, .1C
Sept, 11 1338] 14 3.0 3 |ne, 2xc104, .5A1 L446) 248 .196
ANC, 1.ONH,CIO,, .2%-104, .430
+SAL, .1G
Jseps, 1) 472 14 23 |y pa AL0] .24 L212) 28 .629 12 |1,000 E.so s00 ]s,000
3 pNC, 2KCiOy, ,5AL 401 40 11,000 .43 000
2 pnc, 1.8NH,CL0,, .2X-164,
SAd
fsept, 12 $939] 14 4.8 2 BNc, 2NH.C10,, ,3AL, .1C | .473] 249 .212} .28 g5 12 b.51 60 k,a0 Mapter slid
H rnc, 1.8 ,010,, .2X-164, 33 Y .95 900 beck 1 tach,
AL, L1G
pt. 12 3376 4.8 3 pnc, 2NHC10,, L3A1, 3G | .ean] 249 .212] .28 .62% 12 .46 500
T. 2 INC, 1,8NH,C10,, .2X-164. 403 ‘“ 500 p.N 950 [4,640
WAL, .16 12 .75
207
pt. 13 6306 § 34 4.0 3 NC, 2xC10;, .SAL : .23 02y 12 0.58 3,700 }4,500
3 fnc, 1L.8CI0y, 22364 | 430 [L2e0 " . 1.2 feso |’
AL, L16
1
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RO SECTING FFNEIRALION I"‘l'ul HASE  [SE0PE lllu AVE VP, COMMENTS
< - ¢/ ROPELL . " . + 4
DATH, viL ::::s "‘:; ke or \‘_’m"'l_;“*r:’m STECIFACALIULS wo | rass rress | srwn
£3a JIPTH | coats o ol e ll,l'lA L ETTE S Rl .;.:.:i,
fapt, 13 3802 4.0 3 |, 2xcio,, %A1 428 .14»1.207 128 [.ars) 12 1so 0.2% 6,000 Blast chasber
2 lINC, 1.8NH,C10,, .27-164, e 48 | so00 1.00 6,000 | 4,110 | blown dack & inchas,
9L, .10
Seps. 16 [6680 | 18 | 4.0 3 finc, 1.3 rox AS0 ] .249] 207 .28 ] .e28
2 INC, 1.8NH,CL0,, .2X-184, ar
J3A1
Sept. 17 J63053 ! 14 (8] 1 JiNc, 2kC10y, (SAL W39 .2e9 200 .23 |.e29] 12 0.13 |s.700 [s,000
3 |INC, 1.8NH,C10,, .2X-164 39 48 2.00 ]e,000
Sept. 17 6306 | 14 4.0 2 |nc, 2xc10y, . AL - A4 ) .249] L2074 .28 | .62 12 [7%0 0.60 5,000 [s,%0
3 JIng, 1. 8NHy, €10y, (2X-164 393 48 |00 1.3 |8,000
AL
Sapt. 20 fez72 ] @ 33 3 |INC, 1.8NH,C10,, 2X-164 A17] .24 12| .29 .29 12 0.42 4,000 l4,870
. 5AL 380 a8 1.15  |s,000
ING, 1.8NH,, CLO,, .2X-164
J3A1, .16
Sept, 20 f4322] 8 1.8 3 JINC,2NRC10,, .3AL .431] (249 .200].128 319
INC, 2NH,C10,, .3A1, .2X- .23
164, .10
sept, 23 f6s06| 12 5.0 1 INC, 2NH,C10,, .S5AL 9] 249 218 25 |e2s 244 not
3 line, am cie , .sm1, -1 trigger
. 12X-164
sepr, 23 f1737] 13 4.0 2 JINC, 2NH,C10y,.5A1 .496).249] (213 12 Mo trace
3 ]INc, 2m,C10,, .5AL, 133 1] 1.0 10,000 on 12,
L 2X-164
sept. 24 [2128] 12 4.0 3 JINc, 2NH,C10,, .T73RODX, ., A7) 2e] L2119 12 |1,600 {o0.18 6,400 14.700
1 Al 368 A8 1,20 8,000
INC, 1.7NH,C10,, .IX-164
Sepc. 24 {2073 % 10 4.0 3 axc, a0, 7300, .466],249] ,206 12 0.23 4,200
1 +SAL . 1) 1.00 10,000 [4,700
1 Jisc, 1.7m4,C10,, .3%-164,
AL
Sept. 26 6439 ] 11 4.0 3 J1INc, 2MH,C10,, .5AL 401].249] .214] .25 |e2s] 12 1,600 | 0.40 8,000
3 JiNc, 1.NH,C10,, .3X-164, 3 Y] 1.% 10,000 |$,000
+SAL
pt. 26 [3100] 11 4.0 3 janc, 28H,C10,, .5AL .%03}.249] .21 12 0.42 €,000 Trace triggered
1 {INc, 1.7MH,CL0., .IX-164 42 1} 1.3 000 sarly
3AL
Sspt, 27 1n 1.3 3 }INC, 2%C10y, .S5AL A1), 248 _%s_g 12 0.30 4,800 |s,000
3 ]INC, 2KC10y, 2 Lead Aside . 43 1.10 €,400
.16, ,35AL, I
AR=164
Sepe. 30 J1ee9 ! 12 8.0 2 jinc, 2xC10 , L3AL 495 ,249] 202 12 11,600 §1.60 8,000 |¢,250
3 |1nc, 1.8MK,C10,, .2X-164, 377 Y ] 2.0 |10,000
+SAL
Sepe, 30 lia11] 10 5.0 2 [iNc, 2xc104, .SA1 .99 ,249] .219 12 Q11,600 | 3,00 10,000 {6,800
3 |imc, 1.00H,C10,, .2X-164, 391 1) 2.% |o,000
A
Octoder 1 [2386 | 14 25 1 {inc, 2xc10,, .34 519 269 .21 12 0.66 3,000 13,700
3 |Inc, 1.8N,C10,, .2X-164, D TR N 0.20 1,500
.3a1
Octoder 3 J2021 ] 12 3.75 ¥ 1 himc, 2mm,C10,, .5AL 914 249 210 VY Triggered
ING, 1.8MH CL0,,.2X-164 i ) AL esrly
JSAL
Octover 37]%602 | 14 2.3 3 fInc, 1.8MHCL0,, (2X-104 | (3001248 }.2168 a5  Lavs} 12 pid sat
SAl, .} 407 (1) 0.50 1400 seigger

.

"
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o4 AR

. PROICCIING PENEIRALLION JUAVGE | BASY ALELIM A LT, AVE. VL., COMMENTS
DATH. Vi, ;::l;’ f"‘:; N of :;“':;"":'l‘:‘ SUECIFLCALLY w | russ }l{ms.ﬁ aTIN
o prrm | coats LEKC JUIA JUASS §yppqn JOIA T Fpsi fraissee J ot AN
Octobar 18] 6901 1 14 4 1 {1Wc, 1.89M,C10,, 2X-164, | .4830.2¢8, .200) .29 |e2s| a Mo Date
WAL, .1C 5113
Octodar 221 37731 20 43 1 1NC . Ja3et.248 ) 1711 125 a8 12 triggerad late
- ¢ |1inc, 1.8MH,C10,, .2X-164 o ]
AL, .10 .
Wov, 2% sis) o 2.0 4 l1ne, 1m0, A%0].240] ,200] 373 |e23| 14 3,500 ]3,300 Gauge 1103
A0 3 4,800 |4,800 aid not vork,
6 3,000 |3,000
103
Rov, 26 ’ 3.0 L ke JS68].200] 207 HAA 0.70 6,000 Geuge 1103
s |isc, 2m,cC10, Ny 2 0.40 8,000 dtd not vork,
3 |inc, 1w C10, SHAA 1.70  pe,000
103
Dac. ¢ (] 4.0 1 Jinc .537] 1] 208 1AM 1.00 0,000
7 jwe, am 010, A n 0.50 8,000 {9,000
S6AA 1.00 0,000
103 0.20 4,000 6,000
Deg. i° o132 9 3.3 1 Jiwe LS boaart a90] .38 Leas) ea 1.00 6,000 14,600 {033 & #1039
1 |inc, muclo, N1 S6AA 2,% {15,000 not used,
6 | INC, 1MN,C10,, 1X-164
Dee. 16 s608] 9 10 1 |we Sraf.2a1f 220 975 foe2s] tdaa 1.30 {16,000 }3,000 ] 105 vas bad
2 |anc,1.8mm,c1%,,.2%-264, I3 3 0.30 s,
AL, .10 S6AA 1.00 4,000 {3,000
3 INC, W, C10, 103
4 )
Dae. 18 13 4.0 1 ] .836] 261} . 206 14AA 1.60 $,000
3 ] INC, WHCLO, ‘.Hﬁ 3 1.60 16,000
. s l1NC, 2NH,C10,, 1X-164 S6AA * | 0,60 4,000
108 0.40 |10,000
Des. 20 1e7] o 38 1 jwmc 7] ,207]
s e, 1.omeer0,, 2x-164 : Bate Bed.
2 |ie, 1m,c10,, 1x-164"
b 26 526) 3 1.3 3 INC, 3,8xNO;, w00 [ 208 .1td a5 s Pressure gauges
1.9M8164 . sot used.
Mageh 3 isez| 7 1.0 3 fanc, 3.7R-164, L400 §.242) .20 12 §1,%0 {0.66 6,400 16,000
11.3 K0y . A8 0.% 4,000
March 10 3.5 3 finc, NE164, 3KN0, A0 ].240 .2 12 1.00 4,000 {3,300
. ‘. 00” ‘.ml
- -
april 26 Jasoo] 8 5.0 1 |we S| .20 .04 L2 Qs ) 12 D14 sot trigger
1 |3xvog, Msi64, 1 PVC N Y]
April 34 Jenrs] 28 4 1 |xc .987].242 (200 .25 las) 12 Did not srigper
3 |0y, sies, rpvVC . .
Apesl 23 5001 ] 28 4.8 1 e 407 et 200 .2 f.as| iz }1,%00 2.5 11,000 | 4,200
1 |mo,, ME164, 1pVC . Al 2.00 10,000
apsil 39 J2300] 22 .0 1 fwe L0 L% 12 | 1,500 §5.00 10,000 | 8,400
1 ooy, Jmsies, 1V 13 4 3,00 13,000
April 39 J3s00f 29 %9 3 a0y, ne16s, 2PV 241 606 14AA .00 6,000 | 3,000
p}] 1,00 6,000
April 30 Jéore] 28 1.0 2 |30y, 3164, 2VC 438] 248 .100) .23 f.as12 1.20 9,000 {4,200
%3 it $.00 1",
Moy § ! 63 1 | (261 604 1 1.00 10,000 | 4,800
3 |30y, Neles, 1pve 40 3.00 14,000
May 13 1.0 1
3 ooy, 3ms16s, 1pvC 63 | .24 9% [} 3.00 $,000 | 4,%0
. . 2.00 8,000
L 3

-
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